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IllBA * t busE^< =E 'J 4: ©HC ^ft I xmSt^ - 9 0)9 

<t#©SE*>_b& 5 517 y-ef '- 9 y&tsB 1 <D9 -f 

we*- K«w?e»i, ijE3n&tfgi2©^ $ >^ 
5 y?@^*mm?&z £*&&£? zm&msmnn 

.■Cif*3B8 3 i*«7l:f£«0fy^-7x-7gf 

-y A 

i^WOxy vTr-y'£I&9&£rfg2©?^ 5 
K t ate 5 J: 3 ZXmZJj-? i> Z £ £ t -5 



zmmtzz £*&&£-? zmxmi oia«©fjfftD@ 

[ff*IS l 2] Hula** 'j^ry^x-^ U-h • V 

»» mmm i Ari^ 2 cd 9 -< 5>^ft#«cswB*« 

y 9m^Z&^X±^i\tz9 4 5 >?W£ttl£-t 

o»t^^j#^te £ °rtg & ? n ^* 5 a #je* $ nfc te 

[#H«il0Pf8lfcS2W] ... 
[00 0 1] 

[3s^©s-t£««#i?] #f£gitt, &fcsftii©DR 
U l )Mfflmm.Zffiz.tz<(y9~y±- ; 

[0 0 0 2] 

[&*©&«] C P U OlSfktff o T D R AM 

t^DRAM (SDRAM) S DRAMIJ, rt 

SDRAM^IT'^D, CPU&t-fci: Lfc«*^S 
-> ^ A C *J 5 ^ * <) $m&m t S D R AMC 

[0 0 0 3] 

||?tr V> T (i J p< * V MUSI^ S D R AM® * C 3**5 
-f 3 J: -5 C«J« 3 ttT ^ 5 fe^ffltt^JSjKtikC 
WH^?r*-r*. «A,©t!^i!ui:T-iaEDO (Ex 

tended data out) DRAM-^FPM (First page mod 
e) DRAM* ! MT*lioit;J:^l)i:, ZHfr^ 
ft^m%m ftS^t'J AS^SfE fc tz o T V > < Z £ $ 
M5. -tffl — Ayny|S)ltC!)RumbusDRA 
MT'JbO, ■9--A , |n](tc7)DDR (Double D 

ata Rate) SDRAM (ttT, DDRtfet) "CJfeS. 
DDRli, ^a-y^f^fcftSJ©^-^^ 
(3 J: 0 IWT Sfcft, SDRAMCW^U^t'J 
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[0004] wfraflas&fcK^Tfcsnfc 

£fc v ^O^t'JftiJffllSifiSrfii^/c'f >?-7x-*g' 

4,£U'&4o 

[0005] 

[isa^jgj^-rsfcfccD^s] ±&mm*m 

wo>m%\t. ^uttutsns/t y t*rr a* * y ahj 
wmmxh -> x , iiiBA' 7 t friE^ * y £ ofii:^ l 
TlSSx-?©?^ $ 5 >9'm&^ 

awe* -r 5 > ^as^acttt& lth&4 k t &4 
«t 3 ufafN- * * - h'$m&&t zmn tzzt zftmt 

tS^.^'JiaSiCfft^o ff*^2fB*©|gi«©g 
*>±# Oi-y vtf- 9 *)&tsW, 1 © 9 4 5 > ^tH 
*fc0&trfg2©?^ $ >y-ll|g¥®ta 5 ^£ft4::£:£ 

9iS^t, 9 v v 9 m^\~&-?\^T±f&.&*Ltz9 4 § > 
^{§-f£ * 5 ^-* ft 4 3 b *¥fWit t 4ff3)<rR 1 £ fcte 2 

K-nm^ai*, fjism i ©? ^5 v^ss^atstf 
m9n v 9m^*mt&-tz>ztz%fmt-fzm*m3m 

RAMTfeO , ffirffi^- KSJ»¥Stt, fliT8B8.12K/J& 
2©^^ $ >9~m^$kizmB9 d y ^{l-f-£S-?i>T 
±#$ftfc?^ S >;/«^£&l&1-4;:££#^ir4 

<z>&m<Dgwnt. $e>i3, mu9 4 ^y^m^^ttm 

y ^©H^T-^ft^ I^A-©t^Ug&^©£ 

- 6 0 1 vf ft i « tr 8e«© * * y mn&m 4 -l 

8fB18©||i«©g&ti, ft#^7f::8E«©>f >*-7x 

§*#Mif7^i:fft^. .»#«9SE*©$l9!4>g 

T*-r-?£&9&trSri©*YS y^ft^ftt, £t> 
T* s Oi? vT^- $» 0 i&triS 2 © 9 -i 5 > ^ISS 



'IB, ■ fffBBfStte^Cli, ^□7?f?L ? a y 9 iS 
t t f 4ff 9 E«Oftfr«»»i&C#-r -5„ 

rsisc^v^tt, fries? i ©? y $ yyws&fsfe 

4c 

[0 0 0 6] 

■W■rSlKrK:*55W©^^**K:•^^^T■f*K:»^fl■^-4o 01 
ttv *^©#^5rlSWr4fc*!>©«|,-§:iaTfe4 0 

^trj;4y ; &yfflffl]SS(i, mi c^-r±-5c^-a*»e» 
a^j $ n 4 ^ - K£j#fi*cj£; c-cft»p*4 4 y * y 
(a. b. ;• • •) (r*r^LfcrtaiJttJKfc u ft«©^ 
wyt'j (a. b, - ■ •) (D^n^mzis^x^9. 
zfrLxmrnztiz-fv-bv-vrnfrbcDJ^i) cssr-ra 

^t'JAtLTi'V^ot^DRAM («T, SDRA 
M4:^T) A s fflV^e,^^^ /t'JBt LTD o u b 1 e 
Data Rate SDRAM OXF, DDRi:^1" 
4) * 5 ffiV^n4*^©*^^©^©^«l^0®C» 
^V^TP^ffl('m^■r4„ 

[0007] 02^ *%m<D% i omM(owm\z%fr 

4 * * y ffilfVUC^ * ft 4 flHKftS -> x x A © -« £ 
^•T^d v ^HIT*3b4o H2(r^-T cfc-5trtiff8»ffiv>; 
fAii CPU2i:, -<>^-7x-^a5i fc, y^y 
3t, 777-> i RAM4f(:J;DM3nTl^. -f 

1^, CPU2. yt'J3, 777y i RAM4?l:^ 

i'ffll/y^^^ iHffl/^i: LTPC I (Prograniaiable 
communications interface) /U-fy^7i-x||; 

*lt^4o cpu2t±, jemci&c-cA^ai;^ >^ 

-7X-7SI51 mt^t'J 3M777yaRAM 

4^h^mT : -9^m.^\httmz, y^y 3211/77 

y i/aRAM4{-^LT^r-y' : &*tiitr 0 4*3, 
^tua^tii^llSDRAMifcBDDRTJb 
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[0008] 3©J:7CCPU2i:, ZM^V ZCOffllz 

©1f^Sv7 7A©y^ 'jws^tti i cfc^Ttt, 

flUtf, 7W l^^©*~ K$#ft^H&i&£ftftii£- 
KB, S D RAMCtfSt ft <fc 7 C SMfcli#ail«l £ 
ft, a- U^flDt- KSfff«$h5i^l: 

ft. Bl 2 Cwi"ffllO*-&C-tt, -Y y?-7x-7gm £ 

* » -/ft Lfc«7f**^ '* * y.»J»«e i i £*#t* 

«iMtLfc9. CPU2^fe©@&^7>£^a6TilSHk 

[0 0 0 9] 03tt, J^Lfc^^'JftJWSRl 1 ©A 

Jt-SC-X^yHWMl Hi, M»flr*4J«@»3 1. 
-fc L-7 h®S§3 2. 'J.7 l^->x[5]&g3 3. 
f-4.flKHlK3 4. 7KbX/f-?atIslK3 5, 7- 
?^";7736, U<fl^&[e!K3 7*£*1-ft 0 .fc 
fc, llI3CfcV^T 1 2T*^£ftft©;!r : DLL (Delay Lo 
eked Loop)®?g-C2&9, a y ^It-f-Sr&Wftfty € 
'JWfll[9Kl 1 0«-lalKC^LT3©DLL@?Sl 2£ 
^ L T 4 V > A -5 C * d ? 7 frE £ ft ft o 
[0 0 1 0] CPU2*e.©7 ! -^M7Kl/7f-J' 
*5A*7^^Ut U7 h@i&3 2. 'J 7 U*->alal8&3 

3, 7 KU7/7-?^#[5i&3 so-tn-fftceafts 

ftft„ 7Ki^Vf-?«fl?lS3 5i:a, «0»(t*4 
j£@&3 1 frbO$Vm^t>W£2tlT&K>, 7KM 
/^-^tMSSCi^T, r-?t7FWr- 

* fctfS 0 "oft, r- * #7- * A' y7736 E{fc 
*££ft, 7KU7 7-5';6 J 7KU7fi-§£fi)c[H]&3 4ir 
#M&Sftft c TK|/'»«^±J«iaB3 4C«, fWfs-v 

2fiTf-£J«lslK.3 4K:*SHT, 7 KU70f-#±j!j!c£ft 
txt'J3(:tt^5ni)„ 

[00 11] r-J/^7 73 6Cli, *fS7>e>©^- 
F^fSfiiWSns^l:, *J»^4J«lsItt3 1 

^^©»^KH4, flSBittBtf s DRAMCmtSJ: 7 
■CSDRAMt- K CUIUS ft, K«#<i^#a- 
Ut/KMM-Cli, WSBttflStfD DRCmtS J: 7 K 
DDR^-KfcSJfWSftft.. 

[0 0 12] l"*^2Eft@8&3 7 8, T-vmtT-t 
7 Fa-7ft^-ili;-e3273(p]tX^-Hi©ft4<i©7 77° 
£f¥U ^fte^VT'W-fft^ftCtt, Bfi£0«««E- ' 
tfttteSftft. A#WCfi, ^t'J3^SDRAM©l 
-£Ct±, LVTTL (Low Voltage Transistor Trans is 



tor Logic) \;'<>l£t£Z > £o\z.T-9lS^<D%E.mfctf 
M^Sftftc Sfc, XtU 3#DDR©*§1§rL«, SS 
TL (Series Stub Termination Logic) -2 t-^t-t & 
5i7i:f-^ «^©mj±M&#3S,£ $ ft 
[0 0 13] tot, SDRAM^E- KC*5tt***& 

#7- ?;<5r7736*^sn-5:i:cJ; 9 Brig* ? 

y?\img$ntzm. u-omm^siiz^x, l 

VTTL Ut^CSjftSntyt U3Httt^$ftft 0 -t 
LT, y^U 3Cfc^T7'-?©*£i£^#/ t t£ftS 0 
Sfc,-DDRt- FCi5ltft*£&*B#Ctt, 7 K U7 
/f-^^0#|51K3 SfrbCDf-ttfr-VAv 7 t 3 
6 fc^SftftCi:*-^/^^ 5 >7*ci?S£ftfc 
ft, ^<ME*E]Bf3 7K:fclvC, SSTL-2U^ 
CSftSnt^^'J 3CWi^Sftfti:*C, 7-? 7 K. 
n - 7*«^# U-<;u^ ftHIB 3 7 C fcV^T, SSTL- 
2 b^Ur^&SftTy^D 3CtM&£ftft„ LT, 

3C£UT7-?©##&^#&$ftft (J 
[0014]— 77, SDRAM^- F^;:i3t7ftic3l^t^L 
B£^;:^;i, y*.'J 3^6M^tti2ft/c7-^^U^^^ 

06 3 7 ft ft d i: iz J: 0 C P Uffl©mE U*<A>C 
S&Sft/cft, f-?^777 36Cl3^T > m^^^ 

$ >^csi«$ft, 7 ri-z/T-fmmmi&a ssif 

/Ut^LtCPU2i:«$}lS 0 Sfc, DDR^E- 
FC&ttftS^tBLBfirli, 'J 3*»?.9E#HiSnfc 
x-7fc, 7-?7VD-7fi-ti:tf l^i^&@S§3 

7 fc^rSftft CfcCiOCP Ufffl©mi£ U'CMlSftS 
ftft„ -?rtT, iE^ffiSftfcr-^* 5 r-^7t-7 7 7 3 
e'CfcVT, 7-? 7 ha-7*^H3S-?V^0f3£^-f 
5 > ^CIH!!!;* ft, 7 FU7/7-?«#[eI&3 5Rlf 
/N*7S:^tTCPU2CWi^Sftfto 

[001 5] fc£,.-feU* MHS§32(±, -CPU2A»?> 

H1SS3 1 Ctt*&-rfto */c, U 7 ->a(aIgS3 3(i, 
^^'J 3W5f-?©SttM©^^ 5 7^?r*l 

[0 0 16] 04(i, MLfeT-5'A'77736©| ; 

PU?r^-r7D v7|^Trfefto H4C5K1- 
J:7Ct-?A.j7736 ti, Sl*.±* 5 va>774 
2, 35:*.T^*»9^'y7 7 43, *-P««hI84 l#t 
*1-ft 0 K*!HliaB4 l MWSH-f 4 O^Ult 

*W2ftfto K«»@»4 1 CB. WfPft 

^MSU^ffl^n^fft, 7-^7ho- 
7*^t* s «^$ftft„ 

[0 0 1 7] ^- KMfflalK4 1 1±, K«J»flr*# 
;»fl/^W»&, SP>, SDRAMt-KTtt, 7n 
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v *«^££*>J:;> si 9a** 7 7 4 2©*C{fct&1-S. si 
*>J-# 0 a* v y 7 4 2 dfc^T, 7 n y 9m^r<0tL*>±. 

l tt, K^#ff^#n 
- \s<)l(Dm&, BP*>, DDR^— F"Cli, T-99.V 
D-^tSt.ltfOA'y 7 7 4 2S.U t 3itjT/i) 5 0 A 
y77 430StCtt^5J:W:, t=-?7 

So i*)±iii ! OA-.y 77 4 2Ci5l>T, 7-9 9 b O- 

TtfOAy 77 4 3»£*3l'»T, 7=-?7, hD-7ff(D 
j2 *, T* 5 9 x * . S> T ^ - 9 im. K> ii £ *U -BfN&& C 

[00 1 8] J;j£LfcJ:-5{r*JRSn4JBl OSfeSfi©^ 

-fAf t-ht^„ 3^*3, 05~083T*(?>g-0£:*S 
^T(±, CAS Mt>v2 (CL = 2£lftrr) , A- 
7h|4 (BL = 4tWt) XZ^^T 9^9 9 -i 5 > 

feDDRt- KC*'ltSK*lBL|fcfft-3V^BI5*:ffl 
V^SiW-f 3. X^E 'J 3-\©iE^ffl Lijf^tJfeS©^ 
D-7 7 t OT'J- F37> K^tUTD (DDR, SDRA 

uthizmo -rzo :©f<^^>f>2?o^i 

t2 (CL = 2©»#) (:yt'J3 (DDR) .tOffiTD 
£ tti 7° 'J 7^7*^ (ElbBflJfe) WMfcfc-C^ay^ffl 
31: ioTIU^Snfcf-^^ I- n-T^epart, 
_h# o x vir «t -3 ifjfflcr- ? D 0 ^Szi^-h* 5 0 a* 
y 7 r 4 2 T** *?iitf 0 L X7-9 9 b n<- 7*<t 

1 %<Dfr.(Du.h~Ttf <0 x •> v ( t 3 h t 4 t ©H) t J: 
Ti*©r-^D 1 £4g(i3i*>T#9A-;,77 4 3T^ 
Oiitfp ^LT, fco>7-9 9 hn-7*it^©Si*»4:*« 
Ox .v i/£<£oTT-?D2&i£^J:#9A*-;/ 7 7 4 2 

£T7J 5 0 A' y 7 7 4 3 0 Jitr„ 
[0 0 2 0] — ^, =E- K * s a -Y UK;Ui:$n 

fcSDRAM i E'--Ktft»*tt*ttJLIbt^K:oV>TBI6 
fcE^TlMrt*. SDRAMt- KT«06£^T «t 
7(rx-^7 f- D-^tiiffiffl-tff^D? ^iS-fwfi: 

So lot, HefiD'J-K'aWKiH'^liflD^Dy^flr 
f t2 tyt'J3 (SDRAM) £9tiit)£iltz7-9 
D0S;^D^fft 3t::«k^T:£*>_ta ? <?A*s< 7 7 4 
2-C*«?iitf. HttCLT^D * 7ffi^t 4-C*Of- 



? D 1 ^3l*>±A 5 0 A 7 7 7 4 2 T°m <0 *icD * o 
•^fft5 tf-^ D 2 £l£*>±;!> s 0 A* •> 7 7 4 2.1? 
.SfcOii*, f^©^o»^ff t 6X7-9 1 D3*ti.*>± 
* ! 7^7 7 7 4 2-C&9&tr. ^CDitftSDRAMt- 
F(77B#(iAL*,T7J 5 0A- 7 7 7 4 3A 5 $ffl£*a&l\, 
[00 2 1] K«§fc^#n- U^;ut$fL 

u-ytm^t 0t*7-f Kav> .K*IB» (DDR, SD 
1 ■er-^-7,> o-7*<f^£7°'J7>7*A' (SE»£lfl 

tt) era. \9u?9<n-f*y7y? >mmm.Mk © ^ 

MSti-^Cr-y^iKSS C0^4f-?, DO 
-D3) fcttttSM-ft.. 

[0 0 2 2] -77, ^-Fetifi 5 A^ K;^§n 
fcSDRAM^- K^r^5^•t5»^a*l!)ffCoV^T0 8 
SrfflV^tittwrs, SDRAMt- KT«08H/^-rJ: 

> KtPI^.C**J07>r h-r-^DO^tB^-r-So US* 
^P^fftl, t2, t SCDji^Ji^OTr-^D 
1, D2, D3££b2rf So '<7)«J;7irSDRAM^- 

0, 7-99. h D-7fS-t : &3i* > ±* 5 '7 A->7 7 4 25. 

±T'^ii:'3t3t;E^l^n)cCV^) 7^to, 7-?^a-7 

[0 0 2 3] UH±ffiiHLfc«J:-5C*lo*J6CD^I8K:J: 

<a#M^ttt;i:TDDRi:SDRAMfc4:fiEffl-r-S;t 
tft*|?)-tT'S)5o Z<Dtztb. JlSiJ(tT'?®-5SDR 

3RD D R * s iSft fc <t o C , DDR^t'J «lffl%S 
4:UTffiffl-rS3'i:T, LS I *f^0.a-S"f C^*t;*» 

[0 0 2 4] ■(*2 03Q|©^J||) *C»2©SU6©®. 

trfcV^Ttt, DRAMt*J6W**ffl L7'-*^•^roV^T 
St W L 7i 5 , JI© L Ac flbtt T* S R A M C t D D R - S R 
AMtf&ZQT®M>izm%t ZZttfX-Z, *7c, fife© 

.«<5^CJCi:T S DRAMhDDRi: D RAM 

s ttm© ^ * "j c mt 5<t7 iz Lttftiv 

[0 0 2 5] **s, *^^* s ±l2#H3l©^Jl(l>t$ 
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ni\ *a«**ifeT5±-effafcak til, 

[0 0 2 6] 

SacifcT&S. :©fc«), affi^SKT^* SDRAM 

DRtf£«£fcofci#£C, DDR^l'ja«!«li:L 
T^ffl1-^c:i:T% LS I ftflM>lES7fc:**£a»-?ffl 
&<lDDRtfWet5cfc?K&»?, Htffl 

*iA j -&snaiftSftffli'^TA©-«i%^-r^i?f * 

[03] **W©*.1 ©IQ|©JUJIBCfe»5>^''J1BtP 
gfcMW/iSl^-M^^fy-n * * Breaks.- 
[04] ©lltto^JRCfcttar-^A* 

[05] ffli«©Il©iffiit:fflus 



9 4 Aft - hTS>S 0 

[08] *^©fgi ©li^©7Mg©ijfW;jc^£ 



1 • • 




2 • • 


• CPU 


3 • • 


• * € 'J 


4 ■ ■ 


-77v yaRAM 


1 1 • 


• • y.fjsiaisi 


1 2 - 


• • DLL0ES 


3 1 • 




32 • 


• • -b u ? h ®gS 


33 • 


• • 'J 7 V v v j. (s!8S 


34 • 


■ 7 K U7> fI^£j£[HlSg 


35 • 


• • 7 K l"*/?*- 


36 • 


■ • T~^9 *V 7 7 


37 • 




4 0 • 




4 1 • 




42 • 




43 • 





[01] 



[02] 



ZT 




CPU 



CPU I/F 








PCI IXF 


J 
1 


I 

PC1>\* 

r 



«4 



11 
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[03] 



DLL 

ZE 



-12 



c 

p -4. 
u ^ 



man 



-trU 



7KUX 

mm 



35 



3Z 



33 



36 



34' 



± 



-31 



-t— '—xr'i\ c r— $X 'J 



37-L^;uftft0» 



CH4] 



x-*(cpu«g)- 




J" 



^(«'J«I) 



^43 



(to*) 



40 41 



[05] 



tO tl t 2 t3 t A t6 
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[H6] 



tO tl t 2 tS t 4 tB td 



CLK 




[07] 



tO tl t 2 ' t3 




[08] 



tO tl t2 t3 



CLK 



T — £ 




